Polychlorinated biphenyls (PCBs) are persistent environmental contaminants that affect a number of cellular systems, including neutrophils. It has been demonstrated that non-coplanar PCBs (i.e., ortho-substituted PCBs) alter function of primary rat neutrophils. The objectives of these experiments were to determine if responses in a human, neutrophil-like cell line exposed to PCBs were similar to those reported for rat neutrophils and to explore further PCB-mediated alterations in neutrophil function. The 
Abstract:
Polychlorinated biphenyls (PCBs) are persistent environmental contaminants that affect a number of cellular systems, including neutrophils. It has been demonstrated that non-coplanar PCBs (i.e., ortho-substituted PCBs) alter function of primary rat neutrophils. The objectives of these experiments were to determine if responses in a human, neutrophil-like cell line exposed to PCBs were similar to those reported for rat neutrophils and to explore further PCB-mediated alterations in neutrophil function. The used to insulate and cool heavy electrical equipment such as transformers and capacitors (Hutzinger et al, 1974) . The lipophilic nature of PCBs and their resistance to chemical transformation allow them to bioaccumulate in the food chain . This has led to exposures of humans and wildlife to PCBs. PCBs have been detected in human blood, milk, adipose tissue and placental tissue Laden et al, 1999) .
PCBs exhibit a wide range of biological effects in animals. They are probable human carcinogens (Cogliano, 1998) and cause a number of non-cancer effects, including dermal lesions and ocular effects in humans, and hepatotoxicity and endocrine effects in rats (Morse et al, 1996; Takamatsu et al, 1985; Twaroski et al, 2001 ). In addition, PCBs have effects on the reproductive system (Faqi et al, 1998) , nervous system (Jacobson and Jacobson, 1997) , cardiovascular system (Warshaw et al, 1979) and both the specific and non-specific branches of the immune system (Vos and Loveren, 1998) .
The specific effects PCBs produce are related to their structure. PCBs can be divided into two broad classes based on the presence or absence of chlorine atoms in the ortho-position. Congeners that lack chlorines in the ortho-positions are coplanar and bind with high affinity to the aryl hydrocarbon (Ah) receptor to induce changes in cellular function. Congeners containing chlorines substituted at the ortho-positions cannot attain (Bandiera et al, 1982) .
Among the effects caused by ortho-substituted, noncoplanar PCB congeners is the alteration in function of polymorphonuclear neutrophils (Brown and Ganey, 1995; Kristoffersen et al, 2002; Olivero and Ganey, 2001; Olivero-Verbel and Ganey, 1998; Voie et al, 2000) . The primary role of neutrophils is to attack and destroy invading microorganisms. They are normally quiescent and exhibit their biological activity when activated. Alteration in neutrophil function can have serious consequences for the organism. Failure of neutrophils to activate results in compromise of the innate immune system, leading to increased risk of infection. At the other end of the spectrum, inappropriate activation of neutrophils can lead to inflammatory disease states and injury to host tissue. Non-coplanar PCBs cause many changes in function of primary rat neutrophils including stimulation of degranulation, production of reactive oxygen species such as superoxide anion, release of arachidonic acid (AA) and altered response to subsequent stimulation with other agents (Brown and Ganey, 1995; Ganey et al, 1993; Olivero and Ganey, 2001; Tithof et al, 1998) . Given the role of neutrophils in host defense and the requirement for activation, understanding the mechanisms by which neutrophils become activated in response to exposure to PCBs is important.
One fate of AA released in response to PCB exposure is that it may serve as a precursor for eicosanoid synthesis, which is catalyzed by the cyclooxygenase enzymes.
One isoform of cyclooxygenase, cyclooxygenase-2 (COX-2) is present in negligible amounts in quiescent neutrophils but can be induced by a variety of inflammatory stimuli (Smith et al, 2000; Vane et al, 1998) . It was of interest to determine whether COX-2 expression is affected by PCBs. In this work we used the human, promyelocytic leukemia cell line, HL-60, to examine the effect of in vitro exposure to PCBs on COX-2 mRNA levels. HL-60 cells have the capacity to differentiate to a number of different, functionally and morphologically distinct forms (Collins, 1987) including a neutrophillike phenotype, and differentiated HL-60 cells have been a useful model with which to study neutrophil responses (Arroyo et al, 2002; Mullick et al, 2004) . Control cells received 1 µL of DMF per mL of cells. The concentrations of PCBs used in the current study were selected based on their previously described activity in neutrophils and their minimal cytotoxicities (Olivero et al, 2002) . After heating at 99°C for 5 minutes for denaturing, followed by cooling at 5°C, the cDNA was used for amplification. For PCR reactions, 5 µL of denatured cDNA was amplified in a 25-µL final volume with 2.5 units of Taq DNA polymerase (Invitrogen Corp., Carlsbad, CA) 1mM of each primer and Taq polymerase buffer containing 25mM
Materials and Methods

Chemicals
MgCl 2 with 2mM of each dNTP (dATP, dCTP, dGTP and dTTP; Promega Corp.). PCR was performed in a thermal cycler (GeneAmp 9700, Applied Biosystems, Foster City, CA), using a program of 35 cycles at 94°C for 1 minute, 60°C for 1 minute, and 72°C for 1 minute, followed by a 10-minute extension at 72°C. The amplified products were subjected to electrophoresis on a 1.5% agarose gel and detected and photographed under UV light. Densitometry on detected bands was performed using Bio-Rad Quantity One software (Bio-Rad Laboratories Inc., Hercules, CA).
The following primers were used for COX-2: 5'-TTCAAATGAGATTGTGGGAAAATTGCT-3' (forward primer), 5'-AGATCATCTCTGCCTGAGTATCTT-3' (reverse primer). The predicted size of the fragment was 301 bp.
For β-actin, the primers were 5'-GACGAGGCCCAGAGCAAGAGAG-3'
(forward primer), 5'-ACGTACATGGCTGGGGTGTTG-3' (reverse primer). The predicted size of the fragment was 284 bp (Vergne et al, 1998) . were compared using Dunnett's post hoc test; all other data were compared using Tukey's post hoc test. Appropriate transformations were performed on all data that did not follow a normal distribution (e.g., percent data). For all studies, the criterion for statistical significance was p < 0.05.
Results
Degranulation of HL-60 cells.
In the absence of PCB exposure, differentiated HL-60 cells released ~27% of total MPO in response to fMLP, a peptide that activates neutrophils. Exposure to the non-coplanar PCB congener 2244-TCB resulted in an increase in degranulation that was significant by 90 minutes (Fig. 1) . 2244-TCB concentrations greater than 3 µM were required to effect increases in degranulation (Fig.   2 ). 3344-TCB did not affect fMLP-induced degranulation at any time or dose examined ( Fig. 1 and 2 ).
Superoxide anion production. In the absence of PCB exposure, differentiated HL-60 cells produced < 5nmol of superoxide per 10 6 cells (Fig. 3) . Exposure to 2244-TCB resulted in a significant increase in superoxide anion production. The coplanar PCB congener 3344-TCB did not affect superoxide anion production (Fig. 3) .
AA release from HL-60 cells (Fig. 5 ). Exposure to 3344-TCB did not cause statistically significant changes in 3 H-AA release at any time or concentration examined ( Fig. 4 and Fig. 5 ).
Effects of PCBs on COX-2 mRNA expression. COX-2 mRNA levels did not change over two hours in vehicle-treated HL-60 cells. A significant increase in the level of COX-2 mRNA was observed after 30 or 60 minutes exposure to 2244-TCB (Fig. 6A ).
In cells treated longer then 60 minutes, expression of COX-2 mRNA returned to baseline.
This effect was observed with 10 µM or 30 µM 2244-TCB (Fig. 7A ). 3344-TCB had no statistically significant effect on COX-2 mRNA levels at any time or concentration examined.
Effects of PCBs on COX-2 protein expression. COX-2 protein levels did not change over two hours in vehicle-treated HL-60 cells (data not shown). COX-2 protein
was increased after 30, 60 or 90 minutes exposure to 2244-TCB. After 120 minutes exposure to 2244-TCB, protein levels were decreased compared to previous time points, but still elevated compared to untreated cells (Fig. 6B ). This effect was only observed with 30 µM 2244-TCB (Fig. 7B) .
Effects of PCBs on COX-2 activity.
The activity of the peroxidase component of COX was used as a measure of total COX activity. Activity of COX-2 did not change over two hours in vehicle-treated HL-60 cells (data not shown). An increase in the levels of COX activity was observed after 60, 90 or 120 minutes exposure to 2244-TCB (Fig.   8A ). This effect was only observed with 30 µM 2244-TCB (Fig. 8B) . Activity of COX-1 did not change at any concentration of 2244-TCB examined. In the present study, the function of a human cell line differentiated to a neutrophil-like phenotype was affected by exposure to the non-coplanar PCB congener 2244-TCB, but not by the coplanar congener 3344-TCB. These results have not been previously described in the human neutrophillic HL-60 cell line. 2244-TCB caused a time-and dose-dependent increase in cellular degranulation and induced superoxide anion production ( Fig. 1-3) . These results are similar to previous observations of the effects of PCBs on primary rat neutrophils, in which several mono-or di-orthosubstituted PCBs stimulated superoxide anion production and/or increased superoxide anion generation in response to phorbol myristate acetate (Brown et al, 1998; Ganey et al, 1993) . None of a variety of coplanar PCBs, including 3344-TCB, affected the function of rat neutrophils (Brown et al, 1998; Brown and Ganey, 1995) . In primary human neutrophils non-coplanar PCB congeners, including 2244-TCB, increased oxidative burst (Voie et al, 1998; Voie et al, 2000) confirming that differentiated HL-60 cells respond similarly to primary human neutrophils. 2244-TCB and 2,3,4,5-TCB increase degranulation in rat neutrophils (Brown and Ganey, 1995) -dependent proteins such as calmodulin (Olivero and Ganey, 2001 ) and release of AA due to activation of phospholipases (Tithof et al, 1998) . In the present study, the non-coplanar PCB congener 2244-TCB, but not the coplanar congener 3344-TCB, increased the release of 3 H-AA in a time-and dose-dependent manner (Fig. 4-5) . Similar time-and dose-dependent increases in 3 H-AA release have been reported in primary rat neutrophils, but not in human cells, treated with Aroclor 1242 as well as with individual, non-coplanar PCB congeners (Olivero et al, 2001; Olivero and Ganey, 2001; Tithof et al, 1998) .
Discussion
Release of 3 H-AA, similar to that observed in PCB-treated HL-60 cells, has also been observed in rat uterine strips (Bae et al, 1999) and in cerebellar granule cells treated with
Aroclor mixtures (Kodavanti and Derr-Yellin, 2002; Kodavanti and Tilson, 2000) .
One major fate of released AA is its conversion into eicosanoids, such as prostaglandins and thromboxanes, by cyclooxygenases or cytochrome P450
monooxygenases. In neutrophils, the eicosanoids produced by COX-2 play an important modulatory role in inflammation. COX-2 is an immediate early gene that is present in negligible amounts in quiescent neutrophils. Upon activation of the cell, COX-2 is rapidly upregulated. In the present study 2244-TCB rapidly and transiently increased levels of COX-2 mRNA and protein in a time-and dose-dependent manner (Fig. 6-7 ).
Additionally time-and dose-dependent increases in COX activity were observed (Fig. 8) , and these were greatly inhibited by the COX-2-specific inhibitor DuP-697. Previously observed effects of PCBs on COX-2 regulation have involved activation of the Ah receptor (Kietz and Fischer, 2003; Kwon et al, 2002) . As 2244-TCB, a poor ligand for the Ah receptor, caused changes in COX-2 whereas 3344-TCB, a more potent Ah receptor ligand, did not, it is unlikely that Ah receptor activation is involved in the increases in COX-2 observed in the present study. In mast cells, another immune cell critical in the initiation of inflammatory responses, COX-2 mRNA was markedly induced after exposure to the non-coplanar PCB congener 2,2',4,4',5,5'-hexachlorobiphenyl (Kwon et al, 2002) . A similar induction of COX-2 mRNA was observed in rabbit blastocysts that were exposed to a mixture of 7 different non-coplanar PCB congeners (Kietz and Fischer, 2003) . Interestingly, COX-2 mRNA was also elevated in rabbit blastocysts by treatment with a mixture of 3 coplanar PCB congeners. This was not the case in differentiated HL-60 cells exposed to 3344-TCB, indicating differences in COX-2 regulation between HL-60 cells and rabbit blastocysts. 
